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THE EFF~C T OF Sl..LT SOLUTIONS 

ON THE VJE IGHT OF COTIF I SH MUSC LE . 

By H. Ritchi e Chipnan. 

In earl ier inve sti .;::~ti · n s a t this S tati ~·n t he effe c t of s a lt 
s olution s upcn tho we i Ght cf fish musc l e h2.d been r e por t e d . I n 
1925 , J . C. F c.· r be sl n c· t e a_ s c,_ .. o we i &h t change s t ak i ng plr..ce du ring 
the ~alting of fish u n d er diffo r an t cc nd. ition s ; a nd in 1 928 R. F . 
Ros s showe ël t he vm i ght chanbe s cf :p i acos of musc l e when s oake d in 
s2.l t s o luti ~·ns of va r ir us c ·Jncentra t i ons. The pre s ent i nvc st -
i t;ati on s deve l c:po d f r cE1 s oma cxIJe r i ocnts on sal t pe n e t r ati cn wnich 
we r e be i n f,' car r i od eut a t the samc timG e.s ])r . Rciss was invcs t ­
i t;a ting musc l e shrinkc.ge , and. show tho e ff e c t of vari ou s i on s in 
t h e salt s ol u ti on s u.l:'r1n t h o VJO i é;h t c f t he musc l a . 

Ho thi.::· d. c f Pr oc odur e . 

Pi oc o s of muscle wor a c"C..t fr om the f i lle t and. wo i t;he d. on a 
wa t cht;lass t o 0 . 00 2 t;r arns. They wcrc t hGn place a.. i n 1 00 cc . of 
the s olut i::m in 2 S!:iall nl'e r fcc t Scal 11 jar and. a l l owe d. t e r omai n 
f or t ho r o q_uire d t i mo in a t horr:i c) s t a t i ce. l l y c ontr ol l e cl b ox a t 10 °C . 
Th e p icc o s vm r a thon r o::1'1~cd fr om the s olut i ons by r:iean s of f or ce IJS , 
allowed t o d.r2. in f or fi f t oe n s e c cnd.s and then we i gh e d on a wa tch ­
g;J;ass . 

In ad.opt i n t; t h i s me t ho d. c f hand.linf; s ome ob jact i cr. c cu.ld be 
r a i sed on acc ount of -Che am ._.u n t of li q_uid which r oma ine d on t ho 
surface of t ho :p i ece of fish and w~1i ch was i nclucle d. i n t he we i &h t . 
.b.f t e r s oak i ng i n s cr:i.e c f the s c l u t i c) n s, the f i sh be c ame e i t h er 
br i ttle or fil l il:1Y , and any att er.:.p t t o d.ry off the surface by means 
of che e secl ot h or fi l t er :JC:.:;)e r vrnuld. caus e a l os s of !tla t o ria l . It 
was t her cf cr e f e l t t h 2.t i t was bet t cr t ·:i ke op t e- t he same me t h od 
i n a ll c asas i n s :p i t e cf the err eir wh i ch was s ometime s i n tr odu c e d . 

·I n every c ase , h cwe vcr , t he :p i e c o cf f ish was d.i??e d i n t he s ol ­
ut i on an d 2.l l ow0 a_ t o êLra i n f or t he f ifte en s e c onds be f or e t he 
i nit i a l wo i ç;hinb s e• t lw. t a rrwe t Il W3 i_;ht was r e c crclc d . 

Scmo vo.r i c;. t i :•ns wc r e f :JUnd. wh i ch c -:;u ld n ot be sx}_) l a i n od in 
any way . l.n s or:i.o cas as :!) i cco s eut f r om f i l l ets wh i ch appear c d t o 
be s i milar and. wh i ch ha d boen han a. l e d in ex a ctly tho s ame mannc r 
shcwe d diffor oncc s i n porc cnt~sc wc i bht chanse s . I n ordcr t o s e t 
uni~ity of o a t oria l t he p i cce s wore e ither eut f r om t he s ame 
f i llot , or , if th2.t wer e n ..:, t pc ssibl e , fr om fil l o t s ob t a ined. a t the 
s ame t ime a nd pl ace . The p i 0c e s wor e s o eut tha t the y we r e aIJpr ox i-

r:ia to l y of the sar:ie s hc.po and we i f;h t . 
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Unless otherwise sta t ed all salts were of C. P . q_uality , and 
dist i lled water was 2.lwé.1.ys uscd. The soluti ons 'Nere made up t o an 
accuracy of at le ;::;st 1%. On account cf the vory wi de var:ia ti ans 
which wero enccuntered n o statement of accuracy can be made , but it 
was found t ha t when repeat · expor i rrmnt s were :perfc1rmed the r elative 
results were the sai:1e even ·t;b.ouf;h the actual fi f;ures were q_ui te 
different . 

The effect of the ciuraticn cf storab"e . 

Sorne :prelioin2.ry invostif;ati c.ns of we ight chanf;eS showed that 
the durati cn of storabe cf t he f ish did ne t cause any groat vari ­
ati on, but an exporioent was curr~c d eut t o see if it were so . A 
fish which had be en doacl only a c .:1uplo of h eurs was filletted and 
pieces of the muscle plncod in sealod jurs at different temperatures 
f or f orty eif;ht hours . The different t emperatures would :pr oduce 
various dof;roes of autolys is which wculd correspond t e differ en t 
times of st crace . ~ sm~ll crucihle cf water was :placed in each jar 
t o lrne:p the 2.ir saturated wi th water . The jars wore placed in ther ­
mostatically controll ed boxes a t 0°, 10°, 21° , and 35° C. After 
twenty f vur hour s the pioce st cred at 35° was Dund t o bo t oo r otten 
t o use and it was discardod . Af t er the c thers had remained f or 
f orty e i f;h t h eurs they wero remcved and placed in saturatod s odium 
chloride soluti ons . Tho jars were stor ed f er t wenty four hour s e. t 
1 0° C and the weiGht l oss determinocl. 

Table 1. 

Te opera ture of Pcrcontat;e l c ss 
stcrage co C f WO i f;ht . 

0 13~28 
0 1 4 . 56 

10 10.82 
10 13~89 
21 13.22 
21 14~13 

Tho results cf this exporiment indic a t ed théit the durati on of stor ­
age cf the fish did n e t cause an ap:preciable chanf;e in the weiis;ht 
loss . The fish used was ther of cr c cbtained fr om l ocal firms as 
dns:i r c d . 
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The Effec t of c onc0ntratod. s ol u ti ons . 

Vmen f ish r:msc l e is s oakcd in saturatGcl s oluticns of s odium 
chlorid.e thcI:e i s a r esult ant l Jss of we i Ght which rapid.ly assunes 
l a r ge :pr oporti ons . This is shc1wi1 by t he fo llowi nb exper i ment whe r e 
p iec e s c f musc l e werc s c.• e..1rnè_ in saturated. s ol u ti ons of Mal af;aSh , 
Turk' s Isl and , and. C. P . c::d.iu:.2 chl c- riè..e . The ~l ti ens Yie re kep t A../ 
s a tura t e d. by means cf a 12.y0r cf solicl sal t on t he bctton c. f each 
jar and the j a rs we r e ccc~sicnally shaken t o s tir t he soluti ons . The 
r esults are s hovm in Table 2 . 

Table 2 . 

Porc ente.ce wo i t;h t l oss 
P eri cd. c· f Kind. c f salt 

__, 

s oa1cint; in He..lat;ash C .P . Turk ' s I sland . 
h ours 

0 . 25 0 . 4 1.1 1 . 7 
0 . 5 0 . 4 

1 

2 . 0 3 . 4 
0.75 1 .7 2,9 4 . 7 
1. 25 3 .3 4 .1 6 . 4 
2 . 0 5 . 5 6 . 2 8 . 7 
4 . 0 

1 
9 . 1 9 . 6 12 . 9 

5 . 0 1 1 0 . 0 l 1 0 .7 1 4 . 9 
6 . 0 11 . 6 11 .7 1 6 . 0 
7 . 0 12 . 6 1 2 . 2 17 . 0 

23 . 0 1 4 . 4 15 .2 2 2 . 2 
29 . 0 1 7 .o 1 6. 4 24 .2 
94 . 0 1 8 .9 17 . 6 1 29 . 0 

It will be see:n t hnt t he fish s oaked. in Turk ' s Is:..and sal t 
s cluti on shc·we d. 2, c r e::.ter :.;·ei"contabo l c ss than t hose s oake d. in the 
other s olu t i c111s . The r eas c· Yl f .) J'.' t h is WQS 2.;':Qarcntly the :pr esence of 
c a lcium and. LlaGnosiu,~ in tho Turk 1 s Isl and salt . 

The :pr esence'Ac·f c a lciuEi ~r..a_ üa€;ne siur:i in fishery s a l ts ha s 
be en shovm by Tress l c r'-' 2.ncl Tayl or - t o retard. the :pcne tra tion of s od -
iuo chlcrid.o intc t he muscle . On this account it would be expected 
t hat t here v.roul d be an ef'fec t on t h e; l c.s s of we :i_ t;ht . 

Picces 8f fish vmre thon soakcd in sa tura t e d s olutions of 
s od. iura chl oride t 0 which wcr e aè..d.eêl amc·unts of cë..l c ium chloride , 
mabne sium ci loride and s od i um s~phate s e calculated a s t o be of a 
s trGnGth of 0 . 5% ~ f t he raetal i on i n 100 cc . of s olution. Two s e rie s 
were r un and the ~e sul ts shcvm i n Tab l e 3 . 
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Table 3. 

Percentabe weisht changes 

Time in I ons add.ed. t o s odium chlorid.e so-J:.ution 
hours None . Cale iuo . l~ao1c s i um. Sul:phate, 

21 3 . 6 14 . 9 13 . 7 12 . 4 
45 --- 15 . 1 17.8 11 .A 
99 12 . 5 21 . 2 21 . 5 10 . 3 

192 11. 6 23 . 0 23 . 5 10 . 5 

23 8 . 6 13 . 4• 12 . 2 4 . 1 
47 11 . 0 17 . 8 . 1 9 . 4 7 . 6 

119 8 . 4 16 . 2 16 . 7 8 . 2 
284 11 . 5 19 . 2 26 . 1 4 . 4 

Tho se fii:;llres are n c· t very consistent , e S}_)ec ially those 
obtained. with the sod.iUL.1 chlor id.e alone , but it may be seen that the 
addition of the i ons of c~ciu.:tl and. oabnes iur,,1 tend. t e increase the l'i.. 

l oss of weight . · The effec t of the sulphate i on is uncertain but i t 
is belicved. t'~t i t d.c•e s n ot have much cffect . ether experiments 
with s odium su~1hate -showed. eithcr a d.iminishint; of tho weit:;ht l oss 
or no chanGe at ~all . 

The results 0btained. with concentrated s oluticns are those 
of experiments which vJe re net cl.one d.urint:; the past year . They are 
included in this report t o c..; i vè. further informati on c•n the effec t of 
salt s oluti cns on the weigh t of the ~uscle . 

The effect of d.ilutc soluti ons . 

Acc ord.inG t o the t heories of Trossler5 ana_ Taylor6 , when a 
~iece of fish ousc le is s oaked. in sâlt s olutions, osmosis will take 
]_)lace , and. , if the c cncentr.~ticn oî the salt in t he s olution be 
sreater than that of the salt in the musc l e , water will be withdrawn 
fr oo t he fïsh. The sal .t c -nc cntl.1 2.ti cn of fish muscle is about 1%, 
s o that if osmos is alono is ac ting, it ~culd be expectcd t hat a 
-:;iece of muscle V'c:uld ;;ain in we i bht whe n i rœ'1e rseél. in :gure water on 
acc ount of the c smotic acti c· n of the sal t in t r.1.e :-imscle . The add-
i ti C' n of salt t o the water in which the fish is soaked should there ­
f ore lcssen the amount of water talcen U:J by the fish; and at the 
? Oint where the salt concentration in the water is cq_ual t o the êalt 
co.ncentrati cn in t he musc l e n o water shcmlcl be taken U}? and there o 
shculd be no chanse in woit;ht . .Any further increase in the concen­
tration of the s oluti on surrounding the muscle should result in a 
reducti on in woi r;ht d.uo t ;-. the water beint; removod fr om the fish . 

It was f cund that fish muscle does n ot behave in this manner . 
When the muscle is iï.Gersad in water it does gain in vret.cht (ab out 
30% in twent;y f our h ours) as would be expected.; and t h0 addition 
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<"s 
of sal t t o the wat e r d oe s :.;>r oa_uce a l c s s in we i cht . 1:.The n the i @b ­
t onic :Jo i n t i s r eachect the we i L;h t i s l cwe r t ha n i t wa s in ::;ure wat er, 
but the r e is s till a c 0ns i de r ab l e i ncrease over the i nitia l weibht, 
sh c1winc; t l13.t a l o t of vie. t er has been reta ine d by the r.msc l e . As the 
c oncentr2.. ti on of the s o2lcinc s CJhlt i ~· n i r..cre ase s b ey.::nd the iso t on ie 
::_.i0 int the we i t:;ht C> f t l1e r:msc l e inc r e a se s and reac he s a 1.:axi oum whe n 
t he sal t c on centre.ti en i s a brut N0r :!ml . Â i l i n c reas e in s a lt C:)n -
c entrat i cn beyc·nd n:ir mal r e sul ts in a è.ecrease i n we i ght , unt i l 
f i nally tl1e we i 6h t i s l e ss t i1an t he we i t;h t of the mus c l e be f or e s c• a l{­
in~; . This is s h ovm by Table 4 wh i ch t; ive s t he r esults c- f an e xye ri ­
men t in which J i eces of :ïm s c l e i,ver e s oa k e d i n vari e-u s C':"n eentra ti cns 
of s oêliuw ch l crid.e f e r t went y f cu r h eurs . 

Table 4 

N§:r r:mli t y 
s oa_iu:::-1 
chloriè_e 

o.oo 
0 . 17 
O. E: 3 
0 . 86 
2 . G6 
3 . 48 
4 . 36 
5 . 2 6 

P ercent 
we i s ht 
c he,nc.;o 

30 . 0 
18 . 9 
4 1 . 4 
45 . 3 
29 . 7 
1 1 . 0 

0 . 2 
·- 1 0 . 7 

The se resul t s e.r e sJ.1cwn i n Fibure 1 . 

0 

.b.11 t he ex:.::er i i:ie!lts in s oe..lc i n c; i n d i l u t e s o l u ti on s gave curve s 
sL:ü l ar t o t h.?. t ·sh .... vm i n Fi<.;urc 1 . The a c t ual val u es var y c cn sid.-
e rab l y but the sha ::o c f t he curve i s a l wc.ys tho same . It will be 
n c- ticed t hat the re i .:;;ht c f t :o fish at t he ;:i i nir.:um ]C1 int is qui te a 
b i t c r en:'-er t ~1.an t he r: ri t_~ i:i:12l we i t";ht , (v1hich i s r e ::_,iresente d by 0% 
we i ~·ht ch anbc ) . 

Tc f i n G.. c·ut if t~-io i:1c.x ir:~:n.w c.nC:. ;:_:ini rEu:.:1 :ç ei int s wer e t o be f c1und 
8. t 2;~J.Y def i ni to tiï::c a ft er L~:1ersi :,n , t ho ex::_!er i ment vms r e::_)ea t ea_ 
with the we i ::..·h in~:s oe.d.e a t è.. i f f crcn t tin es . The. r e sults E'.re f; i vcn 
i n Tabl e 5 . It 'J',il l be s ecn t ho. t e.. t c very :Jeri od of t i me t h e ·di :._; was 
·) r e s en t and t~1c cu rvc s a r c e.11 s Lni l a r . '11he sl1a:;;ie of t h e cur ve is 
~heref c re ~c~end~~t u~on t he C) n c on t rLti cn and n o t U?Cn the time of 
i :n.c'Iler sil n . 
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Table 5. 

Percentace weight chan&es 

1 

1 
1 Salt 

1 Nor mality 1 hr . 2 hr, 1 4 hr, 5 hr . 6 hr . 24 hr . 

1 

! 

o.oo 9 . 6 13.3 1 19 , 4 21. 2 26 . 9 31 . 3 1 

0 . 15 6 . 8 9 . 0 
1 

1206 14 . 0 15 . 2 20 . 9 
0 . 53 12 .1 

1 
17.1 

1 

23o 7 25 . 4 28 . 3 47 . 6 

1 
1 . 33 13 . 4 19 . 9 26 .3 29. 4 31 . 2 43 . 0 
2 . 68 6 . 4 1 8 . 9 10. 9 12 .1 14 . 2 28 . 7 1 

1 l 
1 

4 . 00 1. 7 1 . 2 0. 8 0 . 8 0 . 3 4 . 8 
5 . 34 3 . 3 

1 
- 5 . 8 ! - 9 .l - 9 . 8 - 10 . 6 - 10 . 9 i - 1 1 ' 

EX'perir.1ents we re carried 0ut t o see if sir,ü lar curves would 
be obtained when other sal ts than s odiur-1 chloridë were used . The 
concentrati cns d id not exceed 1 . 2 ~ exce~t in a few cases . The 
curves obtainod. viere all sir:iilar :~·· The r e sults are € i von in Table 6 . 

Te..b l e 6 . 

Salt Nor::mli ~Y :i f Salt s olution 

0 .15 l ' i 1 2 . 5 5 . 0 
1 

0,0 ' 0.30 0.60 l e25 . 1 

Sodium Chloridc 29 ~ 2 17 . 9 
1 

22 . 0 42 . 2 --- -- - -
li li 30 . 3 21 . 5 25 . 1 42 . 4 41. 5 - -
Tl li 26 . 2 - -

1 
19<'0 

1 

41 . 0 34 e6 20 . 6 -5 . 0 
P ota:ssün Chlcride 29 . 2 11~~ 7 1 

21,7 35 . 4 - -- -- --
li 1? 26 . 2 22.,0 44 . 3 3 7 . 6 25 .. 3 --

C2.lc iTu"'J. Chlcrido 
1 

29 . 2 o.o i 9 . 7 - 6 .3 

1 

--- -- --
Tl n 26 . 2 -- 1 . 7 8 . 0 1 . 4 - 9 . 4 - 26 . 0 

Bar~.um "hlor i d.c 29 . 2 2 . 9 15.6 23 . 2 - - - --- --
Mam:;i.esium CJJ.loride 29 . 2 9 . 2 1 18"6 37 . 6 - -- --- ---

i If H 26 . 2 - - j 20.5 29 . 6 22 . 4 6 . 7 - 15 . 5 
SodiUJ.il su i :Jh2. te 30 . 3 22 .1 1 23 . 6 43 . 6 23 . 8 -- ---i 
LithiUD Sul::1hat c 22 . 7 113 . 8 

1 

37 . 5 35 . 4 14 . 0 - - ---
.b.ïrL'TI on i ur,1 8ul:;;ihatc 30 . 3 24 . 5 11 . 6 22 . 6 58 . 8 -- - - -

! 1 1 

It vlill bo se en fr o:,1 the:se rc sul ts tha t the curve s are 
similar . They 2.rc n~· t shC\-m in a f i bur e as i t would be t oo c on­
fus~w; . The rJ.in ii:rnJ:t :;; :- int occur?s 2.t the sar:ie c cnc entra tion in a l ­
r;ios t every case . 'l'he. fir;ur es are ne t ceonc l usi ve encu t;h t e attributc 
any variati on t a tho V2.lenc~ of the oc t a l i on , bu t it will be n oticed 
tha t in &em;ral a b i val ent c';ti cn i; ives a smaller we i &ht chant;e a t the 
maxi nurn and. r;i inimun1 :,:,·:·ints . ' 
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It was thoubht useless t e carry out experiments with other salts with 
bivalent or even trivalent c 2.ti ons as the metals wculd :produce 
challf;eS in the prcte i ns vJhich ::üf;ht mack the desired effect . 

ïfuen a piece of fish musc le is i mmersed in water the resultint; 
incre2.se in wcü bht is riha t om: ·iibht ex:pec t fm m osmosis . Simil arly 
the decrease froo t he 1:.reicht r:t-:-duced by J?Ure water when sma ll amounts 
ali'. s alt ar c adde d can also be ex;laincd by osmotic action . This doe s 
not h oweve r g i ve 2.ny r eas c,n for t he ri se in we i f;ht t o a maximum a t a 
salt concentrat i on cf 1 N n or for- the decrease in weibht rJh ich r esults 
when still strcnser salt s oluti ons are used • 

.An exj_)lanation of t he shape of the cur ve c an be fcund. in the 
am:pho teric char ac t er (' f t he ]_)r e t eins 2.nâ. the ir s ol u bili ty . Acc ord.ing 
t o Loeb (5 ) prot e ins ac t as amrhot eric substances and. are thus capable 
of c omb ining with acids and. bases dependin& on t he j_)H . T:te pr otein 

. will be i cnized t e s orae ext ent and as there is a n on-diffusible i on 
~resent the Donnan oeobrane e~uilibr iliQ wiil r e sult in a diffusion of 
i ons into the cells cf the muscle . The s olubility of fish muscle pro ­
t e ins was invest ig~ted by J~ F . LoGan (6 ) and it was f ound that the 
s olubili ty increascd \7ith incrcasing sal t concentrati cn until a max-

i mum was r eache d. 2. t 2.bcut 1 N. after v1hich a further increase o:f 
s alt concentra tion ~rsduced a slit;ht decrease in the s olub ility • 

.b.s the c cncGntr2;ti on c f the s a l t solution in v1hich the fish 
is i mmersed is i ncre2.secl ·bo y cnd the :,_~o int a t v1hic:h the clip in t he 
curve is shovm the s olubil i ty cf the })~ c.ite in be f; ins t o increase and 
mor e vmtor is taken int c tl:c muscle Q This pr ccess t;ce s on until the 
maxi mum s c, lubiii ty is rc2.c ho cl . In the meantime a s the sal t c oncen-
trat i on has beon i ncrcasinc the osr::i0ttc force bec cmes b'r eat enough t o 
c ounteract the effec t cf t he s olubility and l ess wat er ent ers the 
musc l e . This results in 2. smallcr and s!naller we i t;ht chanbe until 
final l y a :point i s r ea ched Fhere the f crces a r e balanced. and there is. 
no chant;e in we i ç;ht en s oakin~-: . A st ill further increas e in sal t 
c oncentra ti on breatly increa s e s t he osmotic eff ect, water is withdravm 
f r om t he musc l e and t he -r1e i [;ht bec omes l es s . This ex:pl anation 
..... cc ounts f or the sha:pe cf the curve and why it is similar f or differ ­
ent sal ts . 

T~e effcct of :pH . 

To d.eter::line t he ef ..Lec t of solutions of cliffe rent :pH tno 
series ne r e :pre:parecl . One ._;ave :pH' s from 3 t o 8 and was e om:posed o:f 
mi xtur es of s cdillr.1 hyd.roxide and :phcs:phcric acicl , the :proporti ons 
nccessary t o u ive the de s j_red pH be ing cletermined by electromet~ic _ 
titra tion . The cther sertes b"a:rn :pH"s fr0m 8 . 3 t o 10 . 5 and was com­
:pc sed. of mixtures ·:j'f sodiu,-:1 c2.rbonate aud sodium b icarbonate , the 
amounts beinG t~ken fro2 a t i t ration cu±:ve in Folin ' s La bora tory 
M.anun.l of Biolot;ico..l Chei_üstry . 'I:he r e sul ts ar e gi ven in Tabl e 7 . 
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Table 7 . 

Percentag e weiGht changes 9 

pH normali ty 

0.0 ~ 0.13 i 0,25 -+ 0.,50 1.00 

3 26 .7 -:.6 1 · - 3 6 l - 3o 0 -16. 2 
4 28,,8 !Jc l 2(:..'0 ! -L.5 -10. J 1 

5 28.8 1 9 . 5 8('2 1 4. 0 6.2 
1 

-
6 28 .8 12.5 10. 6 

1 
26o3 7.9 

7 28.8 13.7 34~~ 1 9 . 6 1 9. 7 
8 26 .7 30.9 1 2708 ( satura ted) 

1 

r 
1 

8 . 3 28 ~ 6j 20.4 1 20 . 9 36.4 1 23.8 
9 . 5 25 o4j 44. 4 1 52~ 7 

1 

t,,3 . 9 27 . 0 
10.5 l 25. 4 j 40o5 

1 
36 ... 1 32 .5 22 . 4 

! 1 
' 1 

These r esults a re shovm ' in Figure 2 . It will be s een tha t a t a 
. pH be t ween 5 and 9 the curve is similar to t ha t produeed by a salt . 
At a pH be lovv 5 the ... uscle 2.cts e.s if an osmot ic effect alone was 
actinb , tha t is , tl1e solub ility of the protein do e s not seem to 
affect the we i ght . b.bovo a pH of 9, the solubili ty appears to be 
vc+y marked , a nax-·:-1Dx:r. point a:ppe e.rs , but there i s no minimum • 
.Apparently the solubility of t h e :prote in is changed by the pH . 
J. F . Logan (6) anQ S. A. Beatty (7) found that fish musc l e prote ins 
existed wi th pH! s of 5 and. 6 at t !1e i :!'..' i soe l ectric po int. This 
would ac count fo~ the sudden chanGe in the shape of the curves a t a 
pH of 5 .. 

The r e l2.tion be t v·oen the solubili ty of the prote in 
----ê.na. ~fi~ -- c ha~_ge ln~i;;h~ . 

.ln ex]_)erirr:ent vas carrieè. out wi th some fish in wh ich the amount 
of soluble prote in had. bc en de t er mined by Mr. W. W. Johns ton a t the 
Experir:iental S:hation dur in;_, the sur.2.r:ic r 1930 . The r esults are shown 
i n Table 8 . s the.se f i s il ':;ere frozen the valœ s a t the maximum 
po int are much {;:r e a t er. Hi '-,l'.:.er values v1ere always found when the 
fish had been frozen before im:~ersion . 

Te.bl e 8 . 
p t l t erc en _?.t";e 1~~~r_, 1 c n~nt;e s 

Ni t roGen in NorDali t y of solutions 
r;;rams per L,"}."'2.I:1 

of f ish r-0 ,-0=[~~~ 15 __ o ·o-63 1.25 

0 . 0052 48.4 i 18::-3 18 ,,5 63 .. 0 
0 . 0064 1 62.7 ' 19e2 1 2 .6 84 .8 

0 . 0025 23 ,, 2 1. 7 9 . 1 11 . 7 
0.0027 11 08 -2 .7 2.9 7 . 0 

j 
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From these figures it will be seen that the higher va lues a t 
the maxi murn point occur with fish which have a great er amount .~@ sol­
uble ni trogen . This would. ac:;ree with the sut;;Ge si}ion that the max­
imum point is d.ue to tï e solubility of the protein prod.ucing a force 
gr eat enough to overcomo the osmotic force . 

The effect of subs-Ganc 0s vlili c h affec t the solubili ty 

It was d.e cid.ed to try eif:pericents wi t h ure". and creatine to 
sce if thcy had any inffi.iUience on the solubility of t he proteins which 
misht affec t the weiGht chanc;c o 1':Ierc1': 1 s whi t e l abel urea and East ­
man ' s Creatin~Hydrate were used., Glycerine and sucrose wer e a lso 
tried . The results are g iven in Tatl 8 9. 

Ta ble 9 . 

Percenta r·e v1e i t=;ht chanse s • 

..-~~~~------.1-P--e-r c e nta:e conccntratio~--o-f---s-o_l_u_t_i-·o_n __ s-.------------~ 

, o. o f o .. 25r' o, :s :~:·a .1 ~.o 

Ure a 
Creatine 
Glycer ine 
Sucrose 

22 .3 l -- -- 1 22~21 
23~2 23 . 2 ! 24 . 9 26.2 
27 . 0 --· i -- 23 . 9 I 
27~0 -- l -- 30 . 4 : 

'-------------------~ 

2 . 0 1 

2 2 .• 9 1 24 .8 
27 .1 --
28.3 25 .1 
24 . 3 1 22 o4 '. 

8 .o 1 ·16 . O' 32 . C 

20 . 4 38 .~ 36 . 8 
--

16~~ 
--

21 . 0 6 . 6 
24 . 3 18 . 6 . 6 

It will be s cen tha t with urea therc is a slicht maxi mum 
:point a t a conc entration of 16%; v1ith c:-ce a tine a slight rd.se through-

out the concentration raw;e. It v>a s i gposs i bl e to use higher con-
centrations than 2% on account of t he l ir:li t e d. solubili ty . Glyc erine 
and sucrose di d no t show a behavi our nuch d iffer ent from Rure water 
except that they bo t h fell off after a concentra tion of 8%. No ex­
planat ion can be ôff ered for these r esul ts except the sugge stion 
that t he solubility of t he pr~te in is affected enough to uver come the 
osmotic for ce unt i l very hiGh conçenttutions , but not enough to cause 
a ri se in weiGht. 

The effect of ni t r a t a s and nitrites . 

Experioent s were carr i ed out v1i t h sod.iuD ni tri te .; and. pota ss ­
iuo nitra te to s ee if inortS;anic nitroben cor..1pou_nds ha d. any effect •. 
The r e sults ar e c iven in Table 1 0. 

T2. l e 1 0 . 
Per centa c..;e we i r..;ht chant-:;es ,. 

~----~--------~ 
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From this table it can be seen that inorbani c nitrogen compounds 
do not ac t clifferently froo othe r salts, except that the wei6ht 
change at a no r r:mlity of 2 . 0 is t:;r eater than that found. with t he salts 
previ ously used . There is a possibility t hat the inorsanic r adical 
containing nitrogen oay affec t the solubility of the protein, but if 
this were so, one wou ld expect t he Iilaxi mum point to be hibher . 

The effect of salts of or5anic acids . 

The followi nG s alts of organic acids were used : 
benzoate , lithiur:1 lactate and lactate ; an~ potassiUiil 
tartrate . Tr~ r esults are shovm in Tabl,11. 

Table 11. 

Salt Nor mal ity of solutions 

ro. 1 f 
: 

1 OoO 0 . 12 0 . 2 0 . 25 0. 4 

Sodiun ace t a t e 24 . 6 -- 12 . 7 --- 9 . 8 --
1 Sodilli1 benzoate 25 . 3 -- 18 . 4 --- 29 . 9 --

Sodium lactate(a ) 26 . 0 -- 15 . 3 --- 11 . 8 --
Sodium lactate( b ) 29 . 9 13~7 -- 10 . 7 -- 10 . 1 
Lithiun l actat e (a 24 . 6 -- - 3 . l __ r8.3 --
Li thiur.:i l a ctate(b) 29 . 9 11 . 5 -- 8 . 9 -- 3 . 5 

Potassiun oxa late 2:1 .. 3 -- 15. 3 -- 14 . 7 --
Potassiuo t 2rtrate 25 . 3 -- 18 . 5 -- 12 . 0 -----·----- ---- - ---~ ---- - · -- - - - - - - -- - -

sod.iun acetate , 
oX.éll.late aml 

1 ; 

0 . 5 0 . 8 1 . 0 - -
10 . 6 -- 24 . 8 

9 . 4 -- - 5 . 8 
7 . 6 -- 2 . 6 
-- 4 .7 --

- 9 . 9 -- -17 . 0 
-- -- --

29 . 4 -- 33 . 2 
26 . 5 -- 39 . 8 

--- --

\'lhen the r esults were f irst obt ained it was seen that t he salts 
which were used all cave results similar to the salts of inorbanic 
ac ids with the exception of -the lactates . The curve b iven by tilil.e 
lactates shov1od. a stcadjl; drop wi th increasint; concentration and 
shov;ed ne i ther a Dinii::un nor a oaxicur:i . As the sal ts we re n ot of 
C. P . quality t heir pur ity was quest i onocl , and it was founcl that t hey 
bath had an ac id react ion . The sodiUI1 l actate was adjusted by means 
of socliun hydr ox ide to a :PH of about 6 and. the lithiuo. lacta te was 
oade o ore pure by rcpeat ed crys t allization , until 1t a ls? had a pH 
of 6 . In the t abl e the oriGinal salts are des iG1~~ by (~) and the 
purified one s by (b ). It can be s een that even vvb:en the se salts 
have a pH of 6 , the curve is ~u ite diffe r ent than that s iven by the 
othe r salt s invc sticat ed . This is appar ently due to the l ac t ate 
i on and no expl anat ion can be offcred . · 

The effect o:f freezinr.; on the .rei5h t chanbes . 

Piece s of f i sh were frozen in brine and. in a ir and then 
soakecl i n salt solutions . Wcichts werc dcteroined a fter freezint; ani 
after period.s o.':f one , t wo 2.nd three weeJcs . Heit;hts of the fresh fish 
before freezinc are ulso s iven . ThT~esults are gi~en in Tabl e 12 . 
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Table 1 2 . 

\ Norr.1ali t y of 
. 

s ol u tions . 
1 

Brine Frozen o.o 0 . 1 5 0 . 31 0 . 63 '/ 1 . 25 2 . 50 
1 

Before fr ee zine; 3 6 . 2 20 . 5 
1 

24 . 0 35 . 2 26 . 8 15 . 8 

Aft er fr eez ine; 33 . 4 19 . 2 26 . 6 37 . 6 32 . 0 18 . 6 
1 i,veek 30 . 4 9 . 5 30 . 2 

1 
58 . 6 55 . 6 37 . 6 

2 weeks 24 . 9 11 . 5 1 9 . 5 
1 

4 6 . 5 38 . 2 41 . 0 
3 weeks 17 . 8 5 . 1 36 . 8 , 70 . 5 72 . 6 47 . 2 

1 

b.ir froz en 
Befor e f r eez i nG 36 . 2 20 . 5 1 24 . 0 38 . 2 2 6 . 8 15 . 8 
Af t er fr cez i nt; 44 . 0 24 . 8 1 50 . 2 63 . 5 40 . 0 2 7 . 3 
1 weck 29 . 8 1 9 . 8 

1 

33 . 1 1 40 . 0 47 . 1 22 . 0 
2 wee1rn 48 . 0 26 . 1 58 . 1 4 7.8 44 . 5 23 . 5 
3 vrneks 42 . 0 25 . 3 54 . 2 43 . 5 59 . 4 29 . 8 

1 Hacldoclc f i llet i 
1 

1 
brine froz en 

! 1 
6 DOS . to 1 yoar 3 . 3 6 . 3 10 . 0 

1 
el3 . 5 1 42 . 5 25 . 4 

1 

Dur i nt:; t he :periods of s t orat:.;e t he fis h we r e ke pt in a cold. 
s t org&e r ooo a t -18 °C . The results of thi s expe ricent are n ot c on­
sis t ent and not hint; can be deduced froc theo , except that i t oisht be 
n otic ed mha t ~hen the f i sh ar e i moorsed i rM2e d i a t e l y aft er f~ee zinG , 
t ho s e f rozen slowl y i n a ir show a Greater Ga i n i n ne i ght t han tho s e 
f r ozGn i n brine . This ~as noticed in sooo other ex:per i~ents . The 
stor at;e does not s een to have a dcf i nite effcct on the we i ght change . 
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